Introduction {#sec1-1}
============

Although antibiotics and the chemotherapeutic agents have been used to fight many infectious diseases; none of the available drugs is free from unfavourable effects and limitations. In addition to the development of multi-drug resistant strains of bacteria which is also another growing problem \[[@ref1]-[@ref3]\]. All necessitates the search for alternate therapies to fight infections \[[@ref4], [@ref5]\].

Medicinal plants are among the raising therapeutic options since they contained various chemical compounds with antimicrobial effects \[[@ref6]-[@ref9]\]. In developing countries, due to the expensive cost of antibiotics, the use of medicinal plants for treatment of infection is considered the affordable and safer natural treatment modality \[[@ref10]-[@ref13]\].

Moringa oleifera is among the most valuable world's trees, as almost every part of the Moringa tree can be used for food or has curative characteristics \[[@ref14], [@ref15]\]. Remarkably, it was discovered that Moringa oil was used for skin care since ancient Egyptian time's \[[@ref16]\].

Considerable studies have been conducted to evaluate the biologically active substances of varies part of this plants \[[@ref17]-[@ref20]\]. For its great antimicrobial effects, Moringa lately, has been used in different health care products \[[@ref16]\]. The extracts of different parts of the tree with different solvents are expected to produce active substances with various antimicrobial effects. Hence, it was interesting to assess the antibacterial and antifungal potentials of different parts of Moringa oleifera plant using different extraction methods in attempts to formulate natural dental remedies from this plant.

Materials and Methods {#sec1-2}
=====================

Collection and extraction of plant parts: {#sec2-1}
-----------------------------------------

The fresh leaves, roots, and seeds of Moringa Oleifera were supplied by the Egyptian Scientific Society of Moringa farm and identified by Prof. Aboelfetoh Mohamed Abdella, National research centre, Giza, Egypt. The different parts of the plant were washed with distilled water and air-dried at room temperature separately. Then each plant part was cut into small pieces (1-2 cm) to make it suitable for grinding. Fifty grammes of each part of Moringa powder (leaves, roots, seeds, and a mixture of all these parts) were kept soaked for 72 hours in 500 ml of ethanol 95%, acetone and ethyl acetate solvents at room temperature. The prepared mixtures were then magnetically stirred for 24 hours to obtain a homogenous mix and stored for 48 hours at 4°C to allow for extraction of active ingredients. Each of the resultant extracts was filtered using Whatman No. 1 filter paper and concentrated by a rotary vacuum evaporator (Rotary Evaporator HS2001N, ARC Distributors, India) at 40°C to evaporate the solvents used for extraction. The ethanol extraction yields (w/w); (19.38 %, 7.34%, 6.40%, and 12.36%) for leaves, roots, seeds and their mixture respectively, while acetone extraction yields; (15.20%, 5.38%, 4.30%, and 9.32%), and for ethyl acetate extraction yields; ((12.50%, 3.90%, 3.32% and 7.45%).

Microorganisms {#sec2-2}
--------------

Three microorganisms were used to test the antimicrobial potential of the prepared Moringa plant extracts, they were: *Staphylococcus aureus* (*S. aureus*) and *Streptococcus mutans* (*S. mutans*) *and Candida albicans* (*C. albicans*). *S. aureus* was isolated and serologically identified by dairy microbiological Lab., National Research Center, Giza, Egypt. While *S. mutans* were isolated from the dental plaque of high caries index patients by swabbing method from the oral cavity of the patients according to Sanchez et al., 2004 \[[@ref21]\]. Selective media Mitis salivarius-bacitracin agar (MSB; BD Difco, Paris) was used to isolate and grow *S. mutans*. Both pathogenic bacteria were routinely transferred into Tryptone Soya broth (TSB; Difco laboratories, Detroit, MI, USA) and incubated at 37°C for 24 hours. *C. albicans* (ATCC 10231) was provided by the Department of Microbiology, Cairo University and maintained on Sabouraud Liquid Medium (1% peptone, 4% glucose and adjusted to pH 5.8) to grow at a temperature of 35-37°C for 48 hours.

Assessment of antimicrobial activity {#sec2-3}
------------------------------------

A disc diffusion method was used to test the antimicrobial activity of ethanol, acetone, and ethyl acetate extracts of the different plant parts and their mixture on the profile growth of *S. aureus* and *S. mutans* and *C. albicans*. A total of 324 samples were divided into four main groups (n = 81) according to the plant parts (leaves, roots, seeds, and mixture) being tested. Each group was further subdivided into three subgroups according to the type of solvent used (ethanol, acetone, and ethyl acetate). In addition, each subgroup was divided into three smaller groups according to the type of pathogenic bacteria testing (*S. aureus*, *S. mutans* and *C. albicans*).

Two grammes of each prepared extract were dissolved in 5.0 ml of Dimethyl sulfoxide (DMSO) to get 400 mg/ml. A 0.1ml (approximately 10^9^ cells/ml) of each pathogenic bacterium was dispersed on the surface of Tryptone soya agar. While 50 µl of the broth medium containing *C. albicans* was inoculated in a selective culture medium Sabouraud's Dextrose Agar (SDA) with the aseptically addition of Streptomycin. Sterile filter paper discs 4 mm in diameter were impregnated with 20 µl of each extract and placed on surface agar inoculated with pathogenic bacteria and fungus (triplicate for each tested microorganisms). Then, the plates were incubated at 35-37°C for 24 hours. At the end of incubation period, the antimicrobial activity of different plant parts extracts was evaluated by determining the diameter of inhibition zones (mm) around each disc of extract solution ([Fig.1a](#F1){ref-type="fig"}, [Fig.1b](#F1){ref-type="fig"}).

![Antibacterial activity of ethanolic extract of Moringa Oleifera leaves against the profile growth of (a) staphylococcus aureus and (b) Streptococcus mutans](OAMJMS-4-585-g001){#F1}

Incorporation of Moringa Oleifera leaves into the experimental prepared toothpaste and mouthwash {#sec2-4}
------------------------------------------------------------------------------------------------

The ethanol extract of *Moringa Oleifera* leaves was incorporated in specially prepared experimental Passive toothpaste and mouthwash base formulas with appropriate concentration for each remedy (patent under registration no 2015/2069, Ministry of scientific research, Academy of scientific research & technology, Egypt).

Assessment of antimicrobial Activity of the experimental prepared toothpaste and mouthwash {#sec2-5}
------------------------------------------------------------------------------------------

The antimicrobial activity of experimental toothpaste was screened by modified agar well diffusion method while the mouthwash was determined by disc diffusion method. A total of (144) samples were divided into four main groups (n = 36) according to the active additives incorporated in each dental base formula: A1: The experimental toothpaste base (control), A2: toothpaste with the active additive ethanolic leaves extract, A3: experimental mouths wash base formula, and A4: mouthwash with active ethanolic leaves extract. Each group was further subdivided into three subgroups (C) (n = 12) according to the type of pathogenic bacteria and fungus being tested.

In the well diffusion method, a 50µl of diluted *S. mutans* and *S. aureus* were spread on the surface of Tryptone Soya agar plate, as well as 50 µl of the broth medium containing *C. albicans* was inoculated in a selective culture medium Sabouraud's Dextrose Agar. A sterile 5 mm cork- borer was used to cut four wells at equidistance in the plate. Similar calculated amount of toothpaste (250 mg) was introduced into the four wells. In disc diffusion method 20µl of mouthwash solution was placed on surface agar plate inoculated with the pathogenic bacteria and fungus (triplicate for each tested microorganisms). The tested plates were incubated at 35-37°C for 24 hours. At the end of incubation period, the antimicrobial activity of experimental toothpaste and mouthwash were evaluated by measuring the mean diameter of the zone of inhibitions in millimetre ([Fig. 2a](#F2){ref-type="fig"}, [Fig. 2b](#F2){ref-type="fig"}, [Fig. 3c](#F3){ref-type="fig"}).

![Antibacterial activity of the experimental toothpaste with the active additive Moringa leaves ethanolic extract on the profile growth of (a) staphylococcus aureus and (b) Streptococcus mutans](OAMJMS-4-585-g002){#F2}

![Antifungal activity of experimental toothpaste with the active additive Moringa leaves ethanolic extract on the profile growth of (c) Candida albicans](OAMJMS-4-585-g003){#F3}

Statistical analysis {#sec2-6}
--------------------

Data were analysed using IBM® SPSS® (SPSS Inc., IBM Corporation, NY, USA) Statistics Version 23 for Windows and then checked for normality using Kolmogorov - Smirnov test. One Way ANOVA test was used to compare between different extracts of Moringa Oleifera plant parts followed by Tukey's posthoc test for pairwise comparison. Independent t-test was used to compare between experimental toothpaste and mouthwash against selected bacterial and fungal strains. The significance level was set at P ≤ 0.05.

Results {#sec1-3}
=======

The different extraction methods (ethanol, acetone and ethyl acetate) of different parts of M Oleifera plant were assessed against *S aureus*, *S mutans* and *C. albicans*. The means and standard deviations (SD) values for the Inhibition Zones (mm) were displayed in Tables [1](#T1){ref-type="table"} & [2](#T2){ref-type="table"} and Figures [4](#F4){ref-type="fig"} & [5](#F5){ref-type="fig"}. For experimental mouthwash and toothpaste dental remedies; means and SDs of the Inhibition Zones (mm) against the same microbial strains are represented in [Table 3](#T3){ref-type="table"} and [Fig. 6](#F6){ref-type="fig"}.

###### 

Means and Standard deviations (SDs) for the Inhibition Zones (mm) for different parts of *Moringa Oleifera* plant using different extraction methods

                                             Methods of extractions                   P-value                                                                                                                                          
  ------------------------- ---------------- ---------------------------------------- ---------------------------------------- ---------------------------------------- ---------- ---------- ---------------------------------------- ----------------------------------------
  *Staphylococcus aureus*   Leaves Extract   19.25^aA^                                0.96                                     11.25^aB^                                0.96       9.00^aC^   0.82                                     ≤0.001[\*](#t1f1){ref-type="table-fn"}
                                                                                                                                                                                                                                       
  Roots Extract             9.25^aA^         0.50                                     5.50^cB^                                 0.58                                     4.50^cC^   0.58       ≤0.001[\*](#t1f1){ref-type="table-fn"}   
                                                                                                                                                                                                                                       
  Seeds Extract             3.25^c^          0.96                                     2.50^d^                                  0.58                                     2.75^d^    0.50       0.354                                    
                                                                                                                                                                                                                                       
  Mix Extract (1:1:1)       10.00^A^         0.82                                     6.75^bB^                                 0.50                                     5.75^bB^   0.96       ≤0.001[\*](#t1f1){ref-type="table-fn"}   
                                                                                                                                                                                                                                       
  p-value                                    ≤0.001[\*](#t1f1){ref-type="table-fn"}   ≤0.001[\*](#t1f1){ref-type="table-fn"}   ≤0.001[\*](#t1f1){ref-type="table-fn"}                                                                  

Means with the same lower Case letter within each row are not significantly different at ≥0.05. Means with the same Upper Case letter within each Column are not significantly different at p≤0.05.

= Significant, NS= Non-significant.

###### 

Means and Standard deviations (SDs) for the Inhibition Zones (mm) for different parts of *Moringa Oleifera* plant using different extraction methods

                                              Methods of extraction                    p-value                                                                                                                                          
  -------------------------- ---------------- ---------------------------------------- ---------------------------------------- ---------------------------------------- ---------- ---------- ---------------------------------------- ----------------------------------------
  *Streptococcus* *mutans*   Leaves Extract   13.00^aA^                                1.15                                     8.25^aB^                                 0.50       7.25^aB^   0.96                                     ≤0.001[\*](#t2f1){ref-type="table-fn"}
                                                                                                                                                                                                                                        
  Roots Extract              10.50^bA^        0.58                                     5.25^bB^                                 0.50                                     4.00^cC^   0.82       ≤0.001[\*](#t2f1){ref-type="table-fn"}   
                                                                                                                                                                                                                                        
  Seeds Extract              4.75^dA^         0.96                                     3.25^cB^                                 0.96                                     2.25^dB^   0.50       0.007[\*](#t2f1){ref-type="table-fn"}    
                                                                                                                                                                                                                                        
  Mix Extract (1:1:1)        8.00^cA^         0.82                                     5.75^bB^                                 0.50                                     5.25^bB^   0.50       ≤0.001[\*](#t2f1){ref-type="table-fn"}   
                                                                                                                                                                                                                                        
                             p-value          ≤0.001[\*](#t2f1){ref-type="table-fn"}   ≤0.001[\*](#t2f1){ref-type="table-fn"}   ≤0.001[\*](#t2f1){ref-type="table-fn"}                                                                  

Means with the same lower Case letter within each row are not significantly different at p≥0.05. Means with the same Upper Case letter within each Column are not significantly different at p≤0.05.

= Significant, NS= Non-significant.

![Mean Inhibition Zones (mm) for different parts of Moringa Oleifera plant against S. aureus growth using different extraction methods](OAMJMS-4-585-g004){#F4}

![Mean Inhibition Zones (mm) for different parts of Moringa Oleifera plant against S. mutans growth using different extraction methods](OAMJMS-4-585-g005){#F5}

###### 

Means and Standard deviations (SD) of the Inhibition Zones (mm) for mouth wash and tooth paste

                            Dental remedies   p-value                  
  ------------------------- ----------------- --------- ------- ------ ----------------------------------------
  *Staphylococcus aureus*   11.75             1.26      17.75   0.96   ≤0.001[\*](#t3f1){ref-type="table-fn"}
                                                                       
  *Streptococcus mutans*    9.25              0.96      13.75   0.96   0.001[\*](#t3f1){ref-type="table-fn"}
                                                                       
  *Candidia albicans*       0.00              0.00      13.25   1.50   ≤0.001[\*](#t3f1){ref-type="table-fn"}

Means with the same lower Case letter within each row are not significantly different at p≥0.05. Means with the same Upper Case letter within each Column are not significantly different at p≤0.05.

= Significant, NS= Non-significant.

![Mean Inhibition Zones (mm) for experimental mouthwash and tooth paste](OAMJMS-4-585-g006){#F6}

Comparison of the mean inhibition zones against *S. aureus* growth; revealed a statistical significance difference regarding the extraction methods (p ≤ 0.05). Where all ethanol extracts demonstrated highest mean inhibition values followed by acetone except for seeds extract and lowest values were for acetyl acetate extracts. The later seeds extract showed slightly higher mean value than acetone extract, however, it was statistically insignificant (P *≥* 0.05) [Table 1](#T1){ref-type="table"} and [Figure 4](#F4){ref-type="fig"}.

Regarding plant parts, leaves extracts had highest mean inhibition values against *S. aureus* growth, followed by roots, plant parts mix and finally seeds extracts. Ethanol leaves extract recorded inhibition zone diameter (19.25 ± 0.96) followed by acetone (11.25 ± 0.96) and the lowest value was (9 ± 0.82) for acetyl acetate, respectively. Roots extracts mean values were: (9.25 ± 0.50), (5.50 ± 0.58) and (4.50 ± 0.58) for ethanol, acetone and ethyl acetate extracts respectively. While the mix extracts values were: (10 ± 0.82), (6.75 ± 0.50) and (5.75 ± 0.96) for ethanol, acetone and acetyl acetate respectively. All extracts showed a significant difference (p ≤ 0.05) except seeds extracts; where all seeds extracts showed insignificant difference despite the differences in extraction method (P *≥* 0.05) [Table 1](#T1){ref-type="table"} and [Figure 4](#F4){ref-type="fig"}.

Regarding the mean inhibition zones against *S. mutans* growth; statistical analysis revealed significance differences concerning the extraction methods and the plant parts evaluated (p ≤ 0.05). These results are comparable to that obtained against *S. aureus*. Where ethanol extracts demonstrated highest significant mean inhibition values followed by acetone extracts and the lowest values were for acetyl acetate extracts (P ≤ 0.05) [Table 2](#T2){ref-type="table"} and [Figure 5](#F5){ref-type="fig"}.

Again, leaves extract had the highest mean inhibition zone values followed by the roots, mix and at last seeds extracts exhibited the lowest mean value and these results were statistically significant (p ≤ 0.05) [Table 2](#T2){ref-type="table"} and [Figure 5](#F5){ref-type="fig"}. On contrary, no inhibition zone was detected against *C. albicans* fungus for the different plant part extracts using the three extraction methods.

When comparing the mean inhibition zone values for toothpaste and mouth wash remedies, the toothpaste showed the higher mean inhibition zone values than the mouthwash against *S. aureus, S. mutans* and *C. albicans* respectively and it statistically significant (P *≤* 0.05) [Table 3](#T3){ref-type="table"} and [Figure 6](#F6){ref-type="fig"}.

The toothpaste exhibited mean inhibition values (17.75 ± 0.96), (13.75 ± 0.96) and (13.25 ± 1.5) against *S aureus*, *S. mutans* and *C. albicans* respectively. While mouth values were: (11.25 ±1.26), (9.25 ± 0.96) against *S. aureus* and *S. mutans* respectively. The absence of inhibition zones against C albicans. Hence, only the experimental toothpaste had inhibition effect against *C. albicans* growth.

Discussion {#sec1-4}
==========

In the present study, the antimicrobial and antifungal activities of *Moringa oleifera* plant parts (leaves, roots, seeds and their mixture) were tested against some oral pathogens as *S. aureus*, *S. mutans* and *C. albicans*. These microorganisms are associated with respiratory infection \[[@ref22]\], dental caries \[[@ref23]\] and oral candidiasis \[[@ref24]\].

As it was reported in the literature that aqueous extracts of plants were generally exhibited little or no antimicrobial activities \[[@ref25]-[@ref27]\]. Therefore, in this study the three organic solvents; ethanol, acetone and acetyl acetate were used to prepare the *M. oleifera* plant extracts to explore the one with best antimicrobial activities. The results of this study revealed that all extracts of *Moringa oleifera* parts (leaves, roots, seeds and their mixture) have antimicrobial potentials (inhibition zones) against *S. aureus* and *S. mutans* with varying effectiveness. Differences in antimicrobial potency were found to vary with the type of organic solvent used to extract the active components and to plant part being evaluated (Leaves, seeds, roots, and their mixture).

On contrary, none of the extracts showed any antifungal activity against *C. albicans*, this is in agreement with two previous studies conducted by (Masika et al, 2012, Patel et al, 2014) \[[@ref27], [@ref28]\] who demonstrated that ethanolic leaf extract has no antifungal effect against *C. albicans*. The findings of this study, however, are in contrast to (Mahdi et al, 2014) \[[@ref29]\] who reported that ethanol and acetone leaf extracts showed antifungal activity against *C. albicans*. The difference could be attributed to variation in the environment where the plant was collected, the season and the physiological stage of the plant when leaves were harvested \[[@ref30]\].

While ethanolic extract, demonstrated the most effective antimicrobial activity against the *S. aureus* and *S. mutans* compared to acetone and acetyl acetate the extracts. Leaves extract also, showed greatest antimicrobial potential compared to other plant parts (seeds, roots, and the mixture). These latter results are in agreement with (Rahman et al, 2013 and Devedra et al, 2011) \[[@ref31], [@ref32]\] who mentioned that Moringa oleifera leaves contain bio-active substances with antibacterial potentials against a wide range of microorganisms. The leaves of *M. oleifera* plant are known to contain phytochemicals compounds as flavonoids, saponins, tannins and other phenolic compounds that have antimicrobial activities \[[@ref33]-[@ref35]\]. This would explain the antimicrobial activities observed in this study could be attributed to such compounds.

According to the results of this study, the plant leaf extract can be the added as a natural antimicrobial constituent in dental products to control oral pathogens. Such products will be supposed to have a preventive/therapeutic effect thus helping to remove dental plaque, the most important factor in oral infectious diseases such as dental caries and periodontal disease. Ethanol leaf extract of Moringa plant was used as an active constituent to formulate an experimental toothpaste and mouthwash. Other natural additives were used as a negative additive to configure dental products. The antimicrobial characteristics of dental products were examined against selected bacterial and fungal strains. The results showed that experimental toothpaste exhibited effective antimicrobial and antifungal activities against the all tested microorganisms. While, the experimental mouthwash revealed lesser antimicrobial potentials compared to toothpaste.

The previous observations could be attributed to several reasons as the difference in antibacterial activities is due to dissimilarities in the composition of both toothpaste and mouthwash base ingredients; variation in the proportion of added leaves extract for each remedy. Another explanation is that the ingredients of experimental toothpaste base formula do not suppress the antimicrobial activity of leaves extract \[[@ref36]\]. Unexpectedly, the antifungal activity of the experimental toothpaste was found which could be attributed to the possible synergistic effect between leaf extract and the ingredients of toothpaste base formula. The results of the current study supported the antibacterial potential *M. oleifera* plant and could be the basis for promising applications of medicinal plant in the pharmaceutical industry to control oral pathogens.

In conclusions, within the limitations of present *in vitro* study: (1) the present study confirmed the antibacterial characteristics of *Moringa oleifera* extracts; (2) the plant extracts can be used to formulate new dental products to control oral pathogens owing to their antimicrobial potentials. However, further studies are required to clarify the optimal concentration, cell toxicity and physical stability before its clinical application
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